Background
Natural orifice transluminal endoscopic surgery (NOTES) is a method in which tools are passed through a natural orifice to the surgical site. This removes the need for external incisions, which can allow patients to recover more quickly without any visible abdominal scarring. This surgical method also has several limitations including limited space, complex lumen geography, and difficult visualization [1] . To address these problems, researchers have developed various tools, including endoscope-based robots [2] , and insertable bimanual robots [3] . However, some of the aforementioned constraints/limitations remain, and consideration of accessories for use with these tools remains relevant.
Our lab designed a multifunctional NOTES robot, which consists of a snakelike linkage driven by cables that are attached to motors in an external housing to navigate through the lumen geometry; it also includes a bimanual end effector with interchangeable tool tips [4] . This paper introduces the design of an adjustable table mount to address the limitations related to transluminal insertion. It provides four passive degrees of freedom (DOFs) to grossly place the robot, and enables the robot to be fixed on surgical tables with different sizes. Benchtop testing on a surgical table with a patient mannequin demonstrates its functionality.
Methods
The robot is designed for transvaginal insertion, which requires advancement of the robot by up to 18 inches [4] . This also necessitates several inches of vertical adjustment and angular adjustment on the order of 10 degrees to account for patient variability. As shown in Figure 1 , the robot is mounted on the adjustable table mount. The mount consists of a vertical support, sliding horizontal tracks, a lift/tilt mechanism, and two fixture clamps that attach to a standard surgical table. The structure is fairly lightweight and has features so that the height, tilt, and position of the robot can be easily adjusted. It is designed with ease of use (ergonomics), compatibility with existing equipment, reconfigurability for setting, and sterilization constraints in mind. 
Design of the vertical support
The vertical support provides one translational DOF to adjust the height so that it can be used on different surgical tables. As shown in Figure 2 , the support has two legs made of aluminum T-slotted framing extrusion. Each leg also has a swiveling mounting foot with a rubber pad to give sufficient support and compensate for uneven floors. Two cam levers on the vertical legs can be locked after adjusting the height of the surgical table. After surgery, the cam lever can be easily unlocked, and the lower portion of the legs can simply slide off to disassemble the device for transport.
Fig. 2 The vertical support

Design of the horizontal tracks
The horizontal tracks, also made of aluminum T-slotted framing extrusion, provide two perpendicular DOFs to grossly locate the robot in the horizontal plane. As shown in Figure 3 , the DOF in the x direction keeps the robot moving straight to perform insertion and retraction during the surgery, while the movement in the y direction locates the robot in an appropriate initial position for insertion. In each direction, four knobs allow for the translation movement of the robot to be locked into place when tightened. As shown in Figure 4 , the table mount also has four vertical tracks that give the robot freedom to raise and lower with respect to the surgical table as well as adjust tilt angle. Each track has seven stop locations. Two springloaded pins are mounted to the robot's motor housing. When the springs are compressed, the pin moves away from the motor housing and is then free to slide through the vertical track. Once the compressed springs are released, the pin is pulled back toward the motor housing and is then locked into one of the seven stop locations. Since the front and back pins are independent of each other, they can be at different heights within the track, giving the robot the ability to change tilt (i.e., the front pin could be in the uppermost setting and the back pin in the lowest, giving the robot an extreme upward tilt).
Fig. 4: The lift/tilt mechanism
Design of the fixture clamps
The table mount also has two fixture clamps that allow the robot to be attached to the rails of the surgical table once the inserted position is reached. As shown in Figure  5 , each clamp has three knobs that are used to adjust position along the table, distance from the table edge, and width of the table rail. A fourth knob is used to enhance the system stiffness by ensuring the two clamping plates are in contact with the entire face of the rail and not just pinched at the top edge. Locking and release of the knobs is easily achieved by turning them. This allows for accommodation to any standard surgical table rails. 
Results
The robot can adjust 19 inches along the length of the table and 5 inches along the width of the table. The table mount also allows for 5 inches of height change with a maximum tilt of 17 degrees.
The table mount also has some flexibility in the attachment to the surgical table. It can adjust for table heights varying within a 7.5-inch range. The vertical cam levers discussed in the previous section can adjust along the entire length of the mount (36 inches). The distance of the clamp from the edge of the table can vary by 2 inches, and the distance between the two clamping plates can accommodate for any width surgical table rail within a 0.75 inch range, matching standards of existing equipment.
As shown in Figure 6 , a prototype was constructed and subjected to benchtop validation testing with a surgeon at the University of Nebraska Medical Center using a mannequin. The prototype was designed to meet the movement and attachment requirements deemed to be adequate for the needs of aligning the robot as well as securing it to the surgical table.
Fig. 6: Benchtop test
The test showed that the robot could move 19 inches smoothly in the x direction of the horizontal plane and 5 inches along the y direction, which demonstrated its primary functionality. The height was easy to change to accommodate the surgical table. The two fixture clamps were adjusted to the surgical table width and fastened on the edges. Setting the mount on the table took about 1 minute. Minor issues included a jam in one of the cam levers of the vertical support and a loose vertical track within the lift/tilt mechanism, both due to tolerances in component manufacturing.
Testing demonstrated that the adjustable robot mount accessory provided sufficient range of motion to facilitate transvaginal robot insertion while remaining compatible with existing operating tables.
Interpretation
An adjustable mounting accessory was designed, built, and tested for facilitating NOTES robot insertion. The four degrees of freedom offered by the table mount help ease robot access to the orifice, which in turn allows the robot to more easily navigate the complex lumen geometry. The robot can also be locked into place on the table mount, and the table mount is securely fastened to the surgical table. This means that the base of the robot will be held steady as the surgeon is performing the operation in the abdominal cavity. Future work includes improving fabrication quality, and surgical testing of the accessory with the NOTES robot in an animal model.
